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on microstructure and mechanical
characterization of binary-modified
composites on mild steel
OSI Fayomi1,2, API Popoola1 and CA Loto1,2
Abstract
This article presents the microstructure, tribological behavior, and hardness properties of the Zn-TiO2 functional
composite coating produced using electrolytic co-deposition technique. The 7.0–13.0 weight fractions of Ti particles
were incorporated in a Zn bath to form Zn-TiO2 alloy in the presence of other additives. The microstructural properties
of the fabricated coating were investigated using a scanning electron microscope equipped with an energy-dispersive
spectroscope, X-ray diffraction, and an atomic force microscope. The anticorrosion behavior in 3.65% NaCl medium was
studied using potentiodynamic polarization technique and characterized using high-resolution optical microscope. The
hardness and wear properties of the coated alloys were measured with high diamond microhardness tester and
reciprocating sliding tester, respectively. From the results, the increases in hardness and wear resistance are attributed
to the formation of the incorporated particulate and uniform precipitation of the metal grains at the metal lattice. The
contribution of TiO2 particles especially with Zn-13Ti-0.3 V-S provides new orientation of metal–matrix-modified coated
structure and decrease in friction coefficient. The anticorrosion resistance characteristics were found to improve sig-
nificantly in response to concentration of additive.
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Introduction
Because of low durability, limited corrosion improve-
ment, and average strength of zinc coating, metal–
matrix composites (MMCs) and ceramic–matrix
composites have emerged as accomplished materials
with extensive applications in structural, aerospace,
automotive, electronic, thermal, and wear industries.1–9
Structural modiﬁcation has become an essential step to
enhance the properties of the base metals with the help
of several deposition techniques to give protection
against wear deformation and electrochemical
degradation.
Composite co-deposition with electroplating
method is a proliﬁc technique that co-deposits metallic
particles through electrolyte formulation. Previously
published literature7–13 has shown metallic deposition
of oxide particles like ZnO, TiO2, Al2O3, Fe2O3,
Cr2O3, SiO2, ZrO2, and ThO2 by composite coating
technique to produce enhancing functional and
mechanical characteristics for coatings. These particu-
lates also provide corrosion, hardness, and wear resist-
ance. Although wear resistance is an essential property
in deposition, their wear property is often attested to
be diﬃcult due to thin ﬁlm.14–17 There are substantial
reports on TiO2 composite particles with major focus
on the corrosion properties and morphological behav-
ior and not on their mechanical properties.12–21
According to previous studies,12–15 microstructural
modiﬁcation is intensely aﬀected by the volume
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weight fraction of incorporated particle in the
bath and the kind of particulate induced in the depos-
its. The admixed composite are known to impact
resilient behavior on the physical, mechanical and cor-
rosion properties through proper bath control system.
The choice of weight fraction of the incorporated par-
ticle in relation to optimum bath constituent becomes
paramount in coating technology and this study is not
an exemption. Previous studies on zinc based had
proved that composite incorporated in fraction
between 2 and 10 g/l could signiﬁcantly inﬂuence the
coating characteristics positively and something lead
to excessive agglomeration and loss of sacriﬁcial
properties.14,18,19
Therefore the objective of this study is to examine
the concentration eﬀect of nanoparticle strengthened
Zn-TiO2 (Zn-Ti) from sulfate bath and to investigate
its microstructural and mechanical properties, with
emphases on hardness and wear trend since roles of
composite in engineering and manufacturing processes
are highly in demand.
Experimental procedure
Preparation of substrates
Commercially obtained mild steel (40mm
20mm 1mm) was used as cathode substrate and
99.5% zinc plate (50mm 20mm 2mm) were pre-
pared as anodes. The surface preparation was per-
formed with diﬀerent grade of emery paper, as
described in our previous studies.11,14 The sample
were properly cleaned with sodium carbonate, pickled,
and activated with 10% HCl at ambient temperature
for 10 s and this was followed by instant rinsing in
deionized water. Table 1 shows the spectrometeric
chemical analysis of the mild steel substrate used in
this study.
Material composition and formation
Zn-Ti composite coating was produced in a single cell
containing two zinc anode and single cathode elec-
trodes, as shown in Figure 1. The distance between
the anode and the cathode is 15mm. All chemicals
used are of analytical grade and de-ionized water was
used in all solutions. The formulated bath was pre-
heated at 40C with stirring at 200 r/min. The processed
parameter and bath composition used in this study are
shown in Tables 2 and 3. The choice of the deposition
parameter is in line with the preliminary study and our
previous studies.1,2
The electrodes were connected to the direct current
via a rectiﬁer at varying applied potential and current
density between 0.3 and 0.5V at 2A/cm2 for 20min.
The plating was done and rinsed in distilled water; sam-
ples were air-dried and thereafter sectioned for
characterization.
Figure 1. Schematic diagram of electrolytic deposition.
Table 1. Chemical composition of mild steel (wt%).
Element C Mn Si P S Al Ni Fe
Composition 0.15 0.45 0.18 0.01 0.031 0.005 0.008 Balance
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Characterization of coatings
The composite coatings obtained were characterized
using a scanning electron microscopy (SEM; VEGA3
TESCAN) equipped with an energy-dispersive spectro-
scope. The phase change was veriﬁed using X-ray dif-
fraction. Microhardness studies were carried out using
a diamond dura-scan pyramid microhardness indenter
at a load of 10 g for 20 s. The microhardness trend was
measured across the plated surface at a speciﬁc interval.
Friction and wear tests
The tribological properties of the deposited binary alloy
fabricated were measured using CERT UMT-2 multi-
functional tribological tester at ambient temperature of
25C, as shown in Figure 2. The reciprocating sliding
tests was carried out with a load of 5N at constant
speed of 5mm/s and displacement amplitude of 2mm
in 20min. A Si3N4 ball (4mm in diameter, HV50 g1600)
was chosen as counter body for the evaluation of tribo-
logical behavior of the coated sample. The dimension of
the wear specimen was 2 1.5 cm. After the wear test,
the structure of the wear scar and ﬁlm worn tracks were
further examined using Nikon optical microscope
(OPM).
Electrochemical test
Autolab PGSTAT 101 Metrohm potentiostat with a
three-electrode cell assembly in 3.65% NaCl static
solution at 40C was used to examine the anticorro-
sion studies of the composite coatings. The developed
Figure 2. CERT UMT-2 reciprocating sliding friction tester.
Table 3. Electrodeposition parameters and results for Zn-TiO2 coatings.
Sample number
Time
(min)
Coating thickness
(mm)
Weight gain
(g)
Coating per unit area
(mg/mm2)
Voltage
(V)
Additive
concentration (g)
1. Zn-Ti-S 20 159.0 0.3036 0.0361284 0.3 7
2. Zn-Ti-S 20 118.0 0.1762 0.0209678 0.5 7
3. Zn-Ti-S 20 179.0 0.5398 0.0642362 0.3 13
4. Zn-Ti-S 20 264.3 0.7097 0.0768543 0.5 13
Table 2. Processed parameter for Zn-TiO2 sulfate bath
formulation.
Composition Values
Zn (g/l) 75
K2SO4 (g/l) 50
Boric acid (g/l) 10
TiO2 (g/l) 7–13
ZnSO4 (g/l) 75
pH 4.8
Voltage (V) 0.3–0.5
Time (min) 20
Temperature (C) 40
Glycine and thiourea (g/l) 10
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coatings was the working electrode, platinum elec-
trode was used as counter electrode, and Ag/AgCl
was used as reference electrode. The anodic and cath-
odic polarization curves were recorded at a constant
scan rate of 0.012V/s, which was ﬁxed from
1.5mV.
Results and discussion
Effect of process parameters on fabricated coatings
The coatings results developed for diﬀerent grade
matrix of Zn-Ti sulfate depositions with their diﬀerent
parameters, coating thickness, weight gain, and coating
per unit area, are shown in Table 3. The initial weight
of the samples was measured using weighing balance
with an accuracy of 0.01 g. The diﬀerence in weight
obtained before and after the test shows the weight
gain of the sample.
The experiments were conducted as per the sum-
marized processed parameters and design shown in
Table 2. The eﬀect of % volume fraction (Vf %) of
TiO2 particle powder in the bath solution resulted
into coating physical properties (weight gain, coating
thickness and coating per unit area) presented in
Figure 3. The composite particulate could be seen
to correspondently dependent on the potential. The
correlation between the eﬀects of the additive (7 and
13 g wt%) on the applied potential was quite diﬀerent
with both exhibiting dissimilar characteristics against
incorporated composites. It is interesting to mention
that at lower applied potential, the coating thickness
of Zn-7Ti-0.3V-S increases with 159 mm compare to
Zn-7Ti-0.5V-S alloy with 118 mm for Zn-7Ti matrix.
This trend does not follow the progression when the
weight fraction volume was increased to 13 g wt%; at
higher composite impregnation and increased max-
imum voltage, higher coating thickness from 179 to
264.3mm was attained. This characteristics is often
observed in coating manufacturing because the incor-
poration particulate in conditioning bath have capa-
city to inﬂuence the throwing voltage and cause
essential surface modiﬁcation.
Microstructural studies
Figure 3(a) and (b) present microstructure of deposited
Zn-Ti composite coatings produce at diﬀerent poten-
tials. The microstructure of Zn-7Ti-S-0.3V (Figure
3a) was observed to contain more nucleation sites as
Figure 3. SEM/EDS microstructure of Zn-Ti sulfates composite deposited sample: (a) Zn-7Ti-0.3 V-S and (b) Zn-13Ti-0.3 V-S.
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a result of TiO2 interference in the zinc growth. There
seems to be less uniform distribution of grain as a result
of retard crystal growth. The limitation for composite
embedded within the total interface could be that the
incorporation of the composite-reinforced particle in
deposited ﬁlm absolutely depends on the plating par-
ameter, especially the applied potential, current density,
pH, and activities of the particulates.13 With Zn-7Ti-S-
0.3V coatings (see Figure 3b) produced at lower poten-
tial, a compactable structure was seen at the interface
with porosity-free crystal.
For Zn-13Ti-0.3V-S coating a continuous interlaced
was formed, which was in line with deposited system, as
shown in the study by Fayomi et al.14 In general, the
formation of Ti composite on Zn precipitate was evi-
dent in Figure 3(b) with uniformity in morphology,
relieve of porosity, and no stress initiation. The ability
to overcome these defects is attributed to the bonding
strength between the composite particles and the Zn-
based alloy, which resulted to close inter-pack interface.
It is important to reiterate that the mechanism for Zn-
13Ti-0.3V-S coatings entails two essential factors in
relation to noble metal matrix entrapment, as reported
by Su and Kao.20
SEM/EDS: scanning electron microscope coupled
with energy-dispersive spectroscope.
First, the agitation that is associated with the poten-
tial used during deposition and second, the adsorption
of TiO2 particle as a result of nucleation site, which
favors homogeneous crystal growth of the coatings.
The eﬀect of variation of the composite particles on
the Zn-Ti matrix was also examined with the help of
OPM, as shown in Figure 4.
The distribution of the particles at the interface fol-
lows the morphologies of the results obtained earlier,
attested by SEM studies. In general, both coatings dem-
onstrate good morphological properties in terms of
orientation and lustrous characteristics. Few pores
were found with coatings with lower fraction concen-
tration of additives.
Atomic force microstructural studies
The various microstructures developed for diﬀerent
grades of fabricated Zn-Ti alloy in the electrodepos-
ited matrix are shown in Figures 5 and 6 using an
atomic force microscope (AFM). Topography of the
metal composites shows diﬀerence adhesion and coat-
ing propagation within the matrices. For Zn-7Ti-S-
0.3 V composite coatings, intermetallic particles have
a ﬁbrous structure and coarse-grained formation
having nonuniform crystal size. The nonuniform char-
acteristic might be due to the irregularity in the ﬁlm
thickness as a result of the surface roughness from
bath parameter.
However, for Zn-13Ti-0.3V-S composite alloy, high
reﬁnement of crystal growth and uniform arrangement
of the distributed crystals was achieved more in
Figure 6. The topographical trend of the composites
was attributed to higher absorbing capacity of the rein-
forced particulate and formidable interfacial bound
between Zn2þ and Ti2þ on the based substrate.14
Although the phenomena of adhesion is proportional
to the process parameter and fraction of composite,
TiO2 is seen to exhibit less built up growth with Zn-
13Ti-0.3V-S alloy; however, good structural modiﬁca-
tion was obtained, as shown in studies of Praveen and
Venkatesha3 and Shibli et al.7
X-ray diffraction studies
X-ray diﬀractograms of the composite coatings matrix
at 7 and 13 g wt% fraction in 0.3V are shown in
Figures 7 and 8, respectively. The diﬀractogram gives
major diﬀraction peak at 37.5, 45, 55, 70, and 77
for Zn-7Ti-S-0.3V composite alloy, as shown in
Figure 4. Morphology for Zn-Ti sulfates deposited mild steel: (a) Zn-7Ti-0.3 V-S and (b) Zn-13Ti-0.3 V-S.
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Figure 7. The complete mineralogical phase constitute
revealed the presence of TiO2 as a minor constituent all
through the phases. The interfacial reactions with zinc
identify solid composition like ZnO, Zn3O7.Ti,
Ti2O3.Zn, TiZn, and TiZn3O12. Obviously, Zn particu-
lates seem to have major dominance in some regions,
which is expected because of ratio of zinc addition in
the bath to other interference particles. The addition of
TiO2 particle aﬀects not only the precipitation but
also the quantity of the resultant phases. However,
for Zn-13Ti-0.3 V-S alloy, some of the phases shows
signiﬁcantly improved peaks but at same Braga angle
position for Zn-7Ti-S-0.3V (see Figure 8). The inter-
action eﬀect of the variables and composite fraction
could be seen as quiet a signiﬁcant factor for the pro-
duction of the peak level. Reported authors in litera-
tures shows that signiﬁcant diﬀerences in the peak level
determine coatings bonding eﬀect. The similarities in
their patterns conﬁrmed the presence of Ti particle
deposits while the diﬀerences in their peaks could be
the result of the rate of deposition potential and the
degree of incorporation, which is in line with the
Raman studies, as shown in Figure 9.
Microhardness properties
Figure 10 shows the microhardness value (HVN) of the
Zn-Ti sulfates composite coating deposits at varied
applied potentials and incorporated (wt%) fraction.
From the results of the Zn-Ti coatings, an appreciable
increase in the hardness was observed with suitable
improvement for all the composite coatings against
the as-received sample.
Among the fabricated coating, Zn-7Ti-S-0.3V pos-
sessed lower hardness quality with 85.8 HVN but
showed better properties preferred when compare
Figure 6. AFM images of the Zn-13Ti-0.3 V-S film obtained for: (a) two-dimensional image, (b) three-dimensional relief image and
(c) roughness analysis.
AFM: atomic force microscope.
Figure 5. AFM images of the Zn-7Ti-S-0.3 V film obtained for: (a) two-dimensional image, (b) three-dimensional relief image and
(c) roughness analysis.
AFM: atomic force microscope.
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with the as-received sample with 33.5 HVN. It is antici-
pated that the behavior of this coating, as mentioned
earlier, is the result of the degree of solid metal grain
absorption on the steel interface and strong adhesion of
the surface ﬁlm. A coating with poor adhesion will typ-
ically show failure and retard hardenability.11,21 This
situation is in line with the property exhibited with
Zn-7Ti-S-0.3V matrix produced. However, a signiﬁcant
transition with improved hardness properties was
achieved for Zn-13Ti-0.3 V-S alloy with approximately
154.5 HVN. This is good justiﬁcation for the inclusion
of TiO2 particles in Zn-based matrix. This improvement
in our study is on par with composite coating produced
in other studies.1,6
In addition, from previous literature it is aﬃrmed
that there are factors responsible for the increase in
Figure 8. Solid X-ray diffraction for Zn-13Ti-0.3 V-S.
Figure 7. Solid X-ray diffraction for Zn-7Ti-0.3 V.
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hardness of a composite coatings, which include test
conditions for the produced alloy, better bounding
characteristics, and the composition and structure of
the composite coating.4,17 In view of this, it is evident
that crystallite quality and reduction in stress could
inﬂuence hardness properties. With increase of TiO2
composite particle in zinc blend, the microstructure of
the composite thin ﬁlm was compact; hence, the hard-
ness resistance increased.
Wear rate evaluation
The results obtained for the wear rate study of the com-
posite coating matrices and the as-received samples are
shown in Figure 11. From the results, it can be seen that
there were drastic appreciable reductions in the wear
loss for all composite alloy produced. For instance,
for the most improved coating, Zn-13Ti-0.3V-S, there
was reduction of 0.006 g/min compared with the un-
resistible plastic deformation of 2.351 g/min for the
as-received metal. At lower induced composite
reinforcement of 7 g wt% in 0.3V, the coating also
retarded signiﬁcantly, with reduction of 0.007 g. This
implies that a suitable level of TiO2, Metal matrix com-
posite (MMC) incorporated in Zn-rich has been shown
to improve tribological properties. The beneﬁcial eﬀect
of the induced composite particle on the antiwear prop-
erties were best observed with low potential at higher
composite reinforcement. However, it necessary to
mention that it is a well known fact that the improved
wear characteristic involves plastic ﬂow, low coating
wear depth, low coeﬃcient of friction, and low
Figure 10. The microhardness/depth profile for Zn-Ti sulfates coatings.
Figure 9. Raman spectral plot for Zn-13Ti-0.3 V-S sulfates deposited.
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fracture.9,21 Therefore, the observed decrease in wear
rate is attributed to the weight percentage fraction of
the composite in the bath and the structural close pack
formation resulting from strong bound layer, which lit-
erally reduced the pull out and sustained adhesion.
Figures 12 and 13 present the average friction coef-
ﬁcient of Zn-Ti with consideration on the best compos-
ite coating (Zn-13Ti-0.3V-S) alloy and as-received
samples. As can be seen, the frictional coeﬃcient at
ﬁrst decreases sharply from 0.21 to 0.071 before a
continuous slight ﬂow toward the sliding end. In gen-
eral, the coating performed excellently well having pos-
sessed lower friction coeﬃcient against the substrate
with 0.65 values under the same sliding condition.
The phenomena behind this signiﬁcant characteristic
is attributed to the microstructure evolution, which is
in line with the fact reported by Wang et al.6 that lower
friction coeﬃcient occurs as a result of reduction in size
and quantity of particle. On the other hand, a steady
ﬂow of the sliding velocity with lower friction coeﬃ-
cient for deposited coating was found, as seen in
Figure 13. The behavior of the as-received substrate
was obvious with friction coeﬃcient increasing as the
sliding velocity increased, which ultimately tends to
cause wear loss and fracture within the interface.
From the wear scar, massive degree of plastic
deformation, grooves, pits, and fracture was seen on
the surface of the as-received sample, as shown in
Figure 14.
To compare the wear scar characteristics among the
considered composite coated sample at various volt-
age; it was found that the wear resistance improved
for Zn-13Ti-0.3V-S matrix; which can link to the
eﬀect of the new found microstructural evolutions
(see Figure 15b). This was expected since lower fric-
tional properties were attained and Wang et al.6
aﬃrmed that the friction coeﬃcient of ﬁlms is
depended mainly on the microstructure. Another
important feature indicative of the improved antiwear
properties is that the width of the wear scar is smaller,
meaning that the smaller interfacial contact region
between the ﬁlm and the counter body causes lower
friction coeﬃcient and improved microstructure. In
other word, factor responsible for the wear scar resis-
tance could be attributed to the eﬀect of composite
particle content at moderate rate. This seems to
unite with the zinc matrix to produce a uniform clus-
ter and drastically resist the formation of micro-
ploughs and ﬁlm perforation, which is also in line
with earlier observations by Yu et al.17 on composite
Figure 13. Variation of wear friction coefficient with sliding
velocity for Zn-13Ti-0.3 V-S coating.
Figure 14. SEM images of the wear scar of mild steel.
SEM: scanning electron microscope.
Figure 12. Variation of wear friction coefficient with time for
Zn-13Ti-0.3 V-S coating.
Figure 11. Variation of the wear rate with time of Zn-Ti
sulfates alloy.
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deposition. When comparing these results with those
of Zn-7Ti-0.3 V-S samples in Figure 15(a), few debris
and pin hole were observed along the wear track,
although adhesion between the composite deposit
and the steel was noticed to be slightly weak with
ﬁlm particle dispatch as the counter pack progresses.
In agreement with the reports of Genc¸aga et al.16 that
the formation of oxide ﬁlms on the wear surfaces of
alloys could provide a good wear resistance, TiO2 as
hard composite to form Zn-Ti hard coating has been
observed to have contributed to reduced wear ploughs
on macroscale. It should be noted that stable adhesion
of Zn-13Ti-0.3 V-S has a better ﬂow than the visible
irregular degradation of the former.
Electrochemical performance studies
The corrosion properties of the Zn-Ti sulfates compos-
ite coatings were observed in 3.65% NaCl in an attempt
to verify the degradation and oxidation resistance
mechanism with diﬀerent fabricated coatings. The
potential was observed to shift toward positive region
for all the samples except for the substrate that moves
drastically toward the more negative site. The negative
potential shift of the substrate showed strong
dissolution of the mild steel ﬁlms due to the absence
of protection. The positive potentials shift of the as-
coated samples indicates the formation of protective
ﬁlm and an increase in the passive ﬁlm thickness.
From all indications, Zn-13Ti-0.3V-S tends to form
more stable passivity than the other composite coatings
due to solid incorporation of the particulate into the
lattice site thereby forming a solid bound and resisting
penetration of Cl ion. The results of linear tafel assess-
ment for the various composite matrices investigated
are summarized in Table 4. The corrosion potential of
composite alloy with Zn-13Ti-0.3V-S matrix is
1.06781V while that of mild steel is 1.539V. The
lowest of the alloy matrix possess corrosion potential
of 1.17035V with an improved diﬀerence of approxi-
mately 0.369V. This implies that reinforcement of TiO2
in zinc interposed is beneﬁcial to the corrosion resist-
ance propagation even at lower volume fraction.
Additionally, deposited samples displayed greatly
reduced corrosion current in all instances as compared
with the mild steel.
From the polarization results, mild steel had a corro-
sion current of 7.04 102 A/cm2 as against all depos-
ited samples. Zn-13Ti-0.3V-S matrix have a
corresponding Icorr value of 3.5 107 A cm2, which
is signiﬁcantly lower by ﬁve order magnitudes over mild
steel. With coating fabricated with induced matrix of 7 g
wt%, i.e. Zn-7Ti-0.3V-S matrix, the corrosion density is
3.77 105V, which show a three order improvement
over the unprotected steel. Polarization resistance (Rp)
for Zn-13Ti-0.3 V-S is 730.61, which was the highest
attained for all composite coated samples. Three order
increase in magnitude was attained when compared with
2.76 102 for as-received sample. From the polariza-
tion behavior in Figure 16, the corrosion resistance of
mild steel is enhanced drastically by the combined eﬀort
of oxide of titanium composite and Zn blend, which
impose active barriers against surface susceptibility.
Figure 15. Wear scar of Zn-TiO2 sulfate composites coatings: (a) Zn-7Ti-0.3 V-S and (b) Zn-13Ti-0.3 V-S.
Table 4. Summary of the potentiodynamic polarization results
of Zn-TiO2.
Sample number Icorr (A/cm
2) RP () Ecorr (V)
CR
(mm/year)
As received 7.04 102 27.600 1.53900 4.100000
Zn-7Ti-0.3 V-S 3.77 105 291.30 1.17035 0.015744
Zn-7Ti-0.5 V-S 2.30 105 338.89 1.08337 0.009586
Zn-13Ti-0.3 V-S 6.41 106 730.61 1.06781 0.007443
Zn-13Ti-0.5 V-S 2.24 105 539.56 1.06812 0.009350
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To assess the degree of damage and the passivation
on the composites coatings after corrosion studies,
Figures 17 and 18 show the photomicrographs of Zn-
13Ti-0.3V-S matrix obtained using AFM and OPM.
The coating surface shows no indication of pits
formed. When compared with Zn-7Ti-0.3V-S coating,
few voids caused by NaCl ion were seen within the
interface.
The reason for this behavior is not strange in that
nonuniform distribution of composite on based metal
could form agglomeration rather than strengthened
bond and hence possibly aﬀect the microstructure prop-
erties that are expected to provide strict barrier over
corrosive ions. Another point to this unresilient char-
acteristic that is in line with the work of Popoola et al.15
is the incompatibility of the composite alloy on the
subtract that might result into interactive stress,
Figure 17. AFM images of the Zn-13TiO2 after corrosion.
AFM: atomic force microscope.
Figure 16. Linear polarization resistance (LPR) curves for Zn-
TiO2 sulfates coatings
Figure 18. Micrograph of Zn-TiO2 sulfate coatings: (a) Zn-7Ti-0.3 V-S and (b) Zn-13Ti-0.3 V-S.
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which may then remarkably assist the process of
corrosion.
Conclusions
From the results and discussion, the following conclu-
sions can be drawn:
. The co-deposition of Zn-Ti exhibited anomalous
type composite coating phenomena. Bright and com-
pactable surfaces were produced from bath contain-
ing Zn-13Ti-0.3V-S.
. The produced composites have shown improved
mechanical properties as compared with the
uncoated steel, although there was slight decrease
in the adhesion of the composite coatings fabricated
with 7 g wt%.
. The coeﬃcient of friction versus time curve and slid-
ing speed characteristics were lower for the compos-
ite produced coatings as against the as-received
working sample. The wear resistance was increased
by 98% as a result of an excellent surface
modiﬁcation.
. The addition of the TiO2 composite particles to Zn
þ
does alter the hardness sequence as it relates to its
precipitation and structural modiﬁcation. The HVN
of the mild steel increased greatly due to the presence
of Ti particle from 34 HVN for the substrate to 154.5
HVN for Zn-13Ti-0.3V-S composite coating.
. The increase in corrosion resistance of composite
coated alloys is not due to the formation of zinc
phase alone but also because of the incorporated
composite of titanium, which results in the forma-
tion of solid Zn2Ti3 phase. This phase is signiﬁcant
for new crystal orientation and resistance of
corrosion.
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